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THROTTLE ELECTRIC HEAT 


Economical means are now available for controlling electric 
furnaces in the same manner as fuel-fired furnaces are some- 
times controlled. . . The remarkable, new TAG CELECTRAY 
Indicating Controller provides it with no other equipment than 
is ordinarily used for on-and-off control. This Controller em- 
ploys the CELECTRAY principle of photoelectric detection of 
the position of a light-beam reflected from a mirror galvanom- 
eter toward a reciprocating controlling edge. It has no dead 
zone and holds a steady temperature without oscillation. The 
throttling zone can be readily adjusted within wide limits, and 
load error kept within a few degrees without introducing appre- 
ciable hunting. Adjustment for load error is provided. 

Ask for complete details and learn what this new develop- 
ment and other CELECTRAY Indicating, Recording and Con- 
trolling PYROMETERS can do for your process in terms of 
product improvement. A new TAG Catalog No. | 101-l effec- 
tively describes and illustrates CELECTRAY PYROMETERS in 


service. Write for your copy today. 





¢. J. TAGLIABUE MEG. CO. 


Park & Nostrand Ave’s., Brooklyn, N. Y. 














Hing @anate cot wis FEET WET... 


AND YOU endanger your products with- feature, permits vou to fit a Tas lor Laicuid 
i . ° Level Controller into the operating charac 
out accurate regulation of liquid level 


teristics of any process and cope with any 


... Ask Taylor Engineers how to doit) changing conditions. 


most efficiently i your plant. Let Taylor Engineers survey your plant nsieaiainei 

and help vou decide where Pavlor Liquid Liquid Level 

* IS REPORTED that King Canute tried to Level Control will mean even more efficient Controller 
control liquid level by command. But he operation. For this service and for the new 
got his feet wet. Industries for years did it 60-page Catalog 70J, which describes Taylor 
manually—and often experienced trouble Liquid Level and Flow Instruments, see a 
with product uniformity and quality. Today Tay lor representative, or write Pavlor Instru 
laylor does it for many plants—automati- ment Companies, Rochester, N.Y. Plant also 
ally, precisely, economically. in Toronto, Canada. Manufacturers in Great 
Whatever the liqquid level requirements in) Britain—Short & Mason, Ltd., London, Eng. 


vour plant, there is a Taylor System of Con- 
trol to meet them. Taylor Systems cover all 
ontrol ranges. The line includes differential 





pressure, static pressure and float type con 


trollers. The famous Taylor Fulscope is used Recording Liquid 








“ = 5 Le ge ller 
with all three types; the same quality of con- Indicating Recording - Controlling ieee 
trol Is obtainable with all. The “Universal TEMPERATURE, PRESSURE, FLOW «c/ 

Sensitivity Adjuster,” an exclusive Taylor LEVEL INSTRUMENTS Time Schedule, Li 


quid LevelController 





Q Q@ oO 





Liquid Level External-float Type Internal-float Type 
Recorder Liquid Level Controller Liquid Level Controller 











iim Instruments 


_.is insured 

a THE MAGAZINE O 
MEASUREMENT 
and CONTROL 





VOL. 11 No 
FEBRUARY, 1938 


FRONT COVER: Boiler Control Board at 


cei’ wal hz Bp RCA Mfc. Co.. Camden. N.] 
oul tr fenton: pa 


HARDNESS MEASUREMENTS 





THE MAINTAINED in-built accuracy of Westcott orifice meters, whether for Indicat- 









Scratch Methods—( lu I 
ing, Recording or Integrating, is embodied in: precision machining of differential > : re] 
By 5 R William 
gage body chambers low angle of float travel small angular travel of > YA? TC 
XATHODE-RAY TUBE APPLICATIONS 
static pressure tube only one movable part between mercury surface and Radiophone Transmitter Tests | 
By R. R. Batche 
chart record. @ Information is available on request 
i P IS : S 
AMERICAN METER COMPANY NEW INSTRUMENT 
1 Indicator rders, controllers, ins, ection de 
METRIC METAL WORKS ERIE, PENNSYLVANIA . ¥ ry ; i 
s l, al 1WoOratory 






INSTRUMENTATION FORUM 
Solutions and discussion of Problem No. 14 
Recording Tire Traction Efhciency 


4G HAC ER eee 
A>. we EDITORIAL COMMENT 


Milsaul is hdl 
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OMTT Siue6 5 
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ADVERTISERS’ INDEX (A | 
utomoatic 
Gas * a Water Heater ; | 
MODEL M-I” 
THE PITTSBURG WATER HEATER CORP. 
PITTSBURGH PA. 
HIS Pittsburg heater keeps Published Monthly on the 15tl Dy 


water at desired temperature 
by thermostatic control. It is 
also equipped with automatic 
safety pilot light control. Chace RICHARD RIMBACH M. F. BEHAR 
[Thermostatic Bimetal is the Managing Editor Editor 
actuating element used to pro- 
duce the necessary action. -RANCH OFFICES 


THE INSTRI me NTS PUBLISHING COMPAN 
1117 Wolfendale Street, Pittsburgh, P 


If your product demands action ( M t K 
at pre-determined temperature r cbr ‘eae : 
perhaps ‘‘Chace”’ is the answer. Cincinnati: E. Eggers, 2316 Kenilworth Av leffer 
May we co-operate with you? f I R rry Ritt 


W. M. CHACE CO. dance, Gem by New, York deat). Conseght 1958 ‘hy Th 


1609 Beard Avenue - - - Detroit Mich. 
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I N I ib Ss PSS Ue 
\ fe hours after last month's big 


issue came off the press, an old 


dropped in: an instrumengineer 
never uttered compliment 

t ( courted his hancee, lle scanned 
One silently—-once, twice, a third 


e: then, his index bearing down on 
Contents page ind his steely eyes 
ring ours:-—“No ‘New Instruments’ 


Department It’s like Time Magazine 


hout ‘National Affairs’! 
Our reply: “Next month ll put in 
iq but regular features. How will 


1 like that 


Joking aside, our main purpose is to 





ive vou time to assimilate all the meaty 


rticles ri were privile red to run last 


By the way, the “New 


Department is now made up so. that 


Instruments” 


tems are not printed back-to-back. Sey 
eral readers sugyvested it ind ilwavs 


hedient 





THE FRONT COVER 


Another handsome high pressure-boiler 
control 
e RCA Mfg. Co., Camden, N. J 


board: the one just installed at 





Principal instruments are Cochrane boil 
drum level and feed water meters, 
lavs CQOe recorders and draft gages, 
\ Bailey flowmeters, Brown potentiometers 
nd Smoot combustion controls. The two 
20,000 Ibs./hr. boilers generate steam at 
Ibs. gage and 225 superheat 
r 
Robert F. Farnham 
Kobert F. Farnham, Chicago repre 
ntative of The Instruments Publishing 
, died of a stroke on the morning of 
Druary Ist. Born in Fergus Falls, 
linn. in 1884, Mr. Farnham was for 
I iny years associated with industrial 


blications. He had been representing 
struments ind The Instrument Maker 
nee 1934. William Farnham, his son, 


take over the western territory 














Instrumentation’s Unity 


IRST of all, a reminder that the January issuc . 
mailed to everv subscriber —consisted of two parts 
bound separately. (Part One containing fourteen “De 
ade of Progress” articles; Part Two, The 7g 38 Instru 
ments Index.) Did both reach vou? If not, don't blam« 
our circulation department until after you've investigated, 
especially 11 you receive Voul Instruments ina plant 
where others—whether on the route slip or not find this 
magazine useful. 

[tis too early to form an exact picture of your complet 
reaction to this Tenth Anniversary Issue. This was the 
first special issue of Jnstruments and although both the 
publisher and the editor worked 60 to 80 hours a week 
for two months, it was not completely printed until Janu 
arv 31. The few dozen comments received to date are all 
brief congratulations from which we can only draw the 
broad outline of the picture; to fill in details will require 
examining scores of comments —all made after caretul 
reading of the review-and-forecast articles in Part Onc 


Read them all! You already have studied one or two 
with care and skimmed through four or five others these 
five or seven immediately applicable to vour work. Well 
and good, but you will find useful ideas in the others 
those with titles that do not suggest direct connection with 
your particular responsibilities 

Not only will you find useful ideas but vou will become 
more saturated with the single fundamental idea. In every 
activity there Is a sort of “golden Key” to success. In golt 
and other sports, for instance, it is “keep your eve on the 
ball.” In Instrumentation it is the application of its fun 
damental doctrines: 


1 Eliminate the variables by reducing them to measural/ 

2 Whatever is to be controlled should tirst be me isured: 
(3) If vou can measure it you can control its effects 

4 If vou can control by hand you should control automatica 


The tew brief comments already received indicate an 
awareness of this keynote running through the ‘Decade 
of Progress” articles. The authors all held to this keynote 
because, though engaged in various industries, thev all 
are Instrumenticians. They all come from the ranks of 
instrument users. In short, they represent you! At times 
in the past we ventured to remark that our readers con 
stitute a sort of fraternity, or profession. This has become 
an obvious fact. Some ten thousand useful citizens are 
bound together by interest in Measurement and Control 
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ahi. NEW INSTRUMENTS 


5 
' ie ig 
ee ko In this department we strive to report each month ALL the new devices 
for measurement, inspection, testing, metering and automatic control- 
the form of concise technical descriptions. 


ry > 
Th e Mark of When writing to manufacturers directly, please mention this department as 
your source of information. 


Effective Control Or write to Information Section, Instruments Publishing Company. 
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Process Control for sensitive. stable 


automatic control of te mperature, 


pressureliquid levelfowandother | Thermionic Amplifier Stainless Steel Labora- 
factors as applied to industrial I} ( ty to poter tory Thermometer 


pro eSSES,. Re sponds to « hanges 





an a . : Ne« type tf laboratory thermor 
quickly.without overtravel or hunt- te et comprising dial indicator and 8 
, i gles i id toa h 
ing. Ask for Bulletin No. LOL. é tee em, i id ‘ 
- adi LV pe Lhermomete! it] I 
( { I oh ‘ 
Combustion Control that is simple os ? 
| pl | ( 
rut complete for providing econom- 
Cj j 
ical operation l| ele 
: ; 
of boilers of 
200 h. p- and n Li-rine 
. ( Lyle | 
lerver. Details ; 
‘ 
, - \ 
in Bulletin me No 
: 1935, 1 e 3 
No. 102, ( e( I el! 
il l 
— 
Boiler Meters seamile en 
7 W he en 1 
> Peeenmanls o ( en 
for recording . ; immersed 
, : { i { ed » ‘ Le | cit 1 
= 
combustion rk, studies, corrosion, Oxi cept oO i} 
wid (3 , Te ‘\.4 
Se Recorder-Controller 14 2 P ‘ ' R P ¢ | ; il L quid (3 In gas or vapor), ten 
ad or educti . et LeSIStors OF hig , . i 
conditions and aa : ' ; ; , ture is indicated without necessity 
ues Cal ( neasured Vol ves il 
yas 3 , Sale eae GRE wit cee 
guiding boiler operators. Described hich the re used. It) require ittle oi eerpadiniacieanenpstcs \ecuracy = guar 
' { Lf \ . ? . > . + 
. > . manipulation other than preliminary ad »% over entire scale. Location of 
in Bulletin No. 44. t : ' EE OE AE iwway from fluids under = measurer 
ystments iain ire “Apa oOnvtvamMed ‘ 
\ rl i tion r » 3 : minimizes errors of observation: 
} he routine pote omete neasure 
; ; ae 2 eae -< , markings ar not subiectec to oblite 
Multi-Pointer Gages for indicating ment. ‘The control current may be ad re nor jected to obli 
tion from the solutions under test o 
. justed to be less than I * amy it Dal : ; 
factors such as draft. pressure, tem- cS i cee obscuration in’ dark-colored or 
I | 1 by : aad © rer oa hg solutions. Stem is ’ seamless tubin 
rverature and speed, caused VY this current is QO mlliivolt uw A 99 , - . bye 
I P ‘ I l hy j it | , ircuit { ‘15-5 chromium-nickel illoy stec 
a - " OOO00 mevohm circu 0 ( cults of A ; . 
These Gages are avail- : atlas a satataie’ tid ahiniiamahlie rosion-prooft to ul but a few labor 
oO esistan his ror is proportic : 1) 

. : reagents. Bi-metallic coil is shock-p1 
able wi . itely |e Leeds & Northrup ¢ g pr 
able with any number gy , P) j , Pp “Reasonable overrange temperatures 

: E ‘ 1i'¢ netphu a Ps sanihcaa bo) le] 

ot pointers and any napa ee icy Initial Mmiodae 
é offered in following scale ranges: 0-2: 

scale combination; in F.. 50-30 F.. 50-500° F.. 0-106 


cither the oil sealed | Wide-range Indicating 0.1%" © “Weston Electrical Instru 
pellor Gaphragmeon- | Air-operated Controller 


*. - 
struction, . : 
: plements “Wide-range line of 


indicating iir-operated ten 


Flow Meters for indie | perature and yrressure controllers. (se Small Phototube 


cating. recording and Avitton to EEE 





integrating the flow of ft one of these Visitren on 
‘Wid ve,” CO phototubes is Type 
steam, water. sewage, troller cethe 62A uid te ( 
° ° di Ihe perror 
air, gas and other fluids. Bulletins tericti 
I ‘ ‘ ce ( 4 4 
No. 39 and 300. x re gag I f larger G-M pho 
cdrillec r ( t tube Oye 
1 l 12 heigh I 1Ti¢ 
Recorders for pressure, temper- = P 9 hill 
minut ] é prongs 2 ) 
ature, drafts, liquid level and other dim isible ir dian ensi tive 
our illustratior plate height 
factors. Serle raduation plate width 


indicator cor adistance from bo 


G-3 \ or 
respond to OTK tom of base to cen 
BAILEY METER W range ot tive utomatice controller Ler ot SENSITLVE 
Controiler specifications ire is printed plate | G-M 
COMPANY 1 r March 1937 issue—Consolidated Laboratories, In 


1041 Ivanhoe Rd., Cleveland, Ohio Co oe eres Chicago. I) 
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Vacuum... . 
Thermocouples 





Ranges from | milliampere to 10 
amperes, in either contact or sep- 
arate heater types. Prices from 
$3.00, quantity discounts. 


Write for Bulletin “A” 


AMERICAN 


Electrical Sales Co. Inc. 
67 E. 8th St. New York, N. Y. 











S$-M-0-0-T-H 
VOLTAGE CONTROL 
for A.C. circuits 


The Type "TH" Transtat is the new 

ntinuously variable auto-transformer 
regulator ... the ideal voltage con 
trol for a.c. circuits. It offers high ef- 
ficiency, good regulation, great flexi- 
bility and dependable construction at 
moderate cost. Standard types are 
available for controlling voltage to 





ngle- phase and polyphase loads 
rated 10 Kva. and smaller, 50 or 60 


j} cycles, 115, 230 or 460 volts. May we 


end you bulletin 51-1 which contains 
omplete data? 


-TRANSTA~ 


VOLTAGE REGULATORS 


AMERICAN TRANSFORMER CO. 
78 Emmet St. Newark, N. J. 











Controllers with 
Automatic Reset 


“Free-Vane” automatic control instri 


ments tor tempe rature, flow pres 


vy, | 
"og 5 ee see Instruments Jan., 193, 1 


August 1936, page 213; Sept. 1936, 


‘ ae 
4 be) re no ivallable in-ome mode 


sure, 
re ( 
»* i 





ith ide-throttling-range and automath 
reset features The idditional device 
which provides these modes of control 
lends itself to ready idjustment by 
user. With these new “Reset Free-Vane 
Controllers,’ any load change, accom 
panied by movement of the pen away 
from the control point, produce haan 
in the controlled air pressure, of thi 
cient value to give the diaphragm ‘ 
1) required opening to bring the rl 
ble back to the control point Thre desi 
oft the reset operating mechanism < 
if POSSID TLE to obtain this change mat 
ically rite hat ‘ I oO th 
equired | the p i ! ‘ ben 
| The I i ul 


Variable 


(CContinuous wbie Jl ( 


Resistor 





}) bon I rie ’ Lee 
tric ( ( 

1 y-a ire | T 

30,01 hn | i le ed 
\let 17 t esi $ ( 

1 megohm imilar to those in er 
Metallized type Volume Contro Ne 
device comes ith four test lead i 
Ing sli 174 wligator clips; three ait 
ferent fuses required for differ i 
cations, and an instruction manual cover 
ing numerous applicatior ( ( if 
Bakelite, 5” diam. and 3 ligt / a 
tional Resistance C'¢ / \ 1k; 7 Se 


Philadelphia, Pa 











A DEPENDABLE 
MINIATURE 
FREQUENCY METER 


Just as accurate and reliable as 
our large, wide-range Frahm 
Frequency Meters. Simple. Rug 
ged. Unaffected by wave torm 
or by ordinary voltage and tem 
perature changes. Available for 
any frequency between 15 and 
500 cycles per sec. Types for 
front-of-board or flush mounting 
Bulletin 1415-I contains com 


plete information 


JAMES G. BIDDLE CO. 


ELECTRICAL INSTRUMENTS 


1211-13 Arcn STREET PHitaperenta, Pa 











INSTRUMENT MOTORS 
All Types — All Sizes 





What >ver your require ments. there 


1/2000 01/6 Horsepower 


motor to fit the b. The Bodir n r 

split phase, capacitor, and polypha 

tion and synchronous a-c motors; shad 

a-c motors; shunt and compound 

gucer ang governor n 

trolled motors. The finest 

nstruments are Bodine f - 
equipped. / 


FREE / 
Motor Booklet = / . / 


by —s 
aoe we eww wee ew oe ee “Oly 
Bodine Electric C / 
2244 W. Ohio St., Chicag 
Name 
Compa e 
Address 
City ate 











Ferrous Met al Detector 


\fter year 





ele ( resence ! 
a 
ern 
( intermaitter 
{ ‘ ‘ ‘ 
t i 
‘ . CSCTICE 1 
il | isil ‘ ‘ il 
io nates aw fae ane 
( l i! metal detector ) 
nve ‘ res ‘ ua ft " ! 
rie I ( ft the cor 
eyor \ en Detec ! ‘ ists of searel 
ol moplihier dl reTVISE ignal 
\rmpiitier 1 ! ! recite 
inte 1 l vstem or r ras 
t ( ‘ wated ky 1 ervishi { 
re | i ul inte unplitier t] 
failure of tubes, transformer, relay or 
i tcl 1 nomediately reveaied \ 
1 tre permttiy ( \ ayu 
! ensitivil ot the ( rel Vvstel 
/ ls / 
i li lie / ! / 


Indicating Alarm Relay 
Ni ! tive lean ‘Mode 


ied erve mn mdicator wer 


ri re 


ton " ! repare ly tandarad ype, 
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ine Mete with Orifice and Dual Transmitting 
Feature 


COCHRANE CORPORATION 
3120 N. 17th St. Philadelphia, Pa 


a eel 


OCHRAN 





MOISTURE 
TELLER 


Harry W. Dietert Co. 


9330 Roselawn 


Detroit, Michigan 


Avenue 

















Torsion Magnetome: | 


Designed primarily for measurin 


netic propertie of materials in 
form: transformer iron, silicon ste¢ 
CHISITINVE oO rolling ind to heat 


to folloy 


ment Miike It possible 





il ese prope reve > he ba 
ot ensitive balance 1 mounted 
movable chuck in which the specin 
1 tudied l disk l placed Spec 
is then mounted between the pole 
I n electromagnet yroducit $1) 
ed cro l ip) it] 1.4 
fle l in the eld col it maxim 
SOO oersteds In 2 ip at O45 
milninitrn value Magnet is mounte 
ball bye iring ind mav be rotate 
I Si vith specimen it center 
thor \ scale least) count 1°) 
position of magnetic tield with re 
to an arbitrarily set specimen axis, 


ly the rolline direction. The balane 
self has been made is non-magnet 
po sible; is sensitive to 10 meg 13\ 
ting unbalance igainst angular. set 
of the electromagnet, the iXIS OF ¢ 


magnetization of the specimen wil 


spect” to the direction of rollin 
easily be determined Relative ( 
of specimen to rolling or heat tre 
studied 

properties of single crys 
ilso be studied The 

Klectriecal Instrument Co.) is desi 
for use on 110 volts die. and alloy 


QOnentations and 


control R 


maintenance of current value lt 
ment comes with punch for specin 
set of weight for balance, extra 
etc Baird lssociates / Palme 


New “Windowstat” 


Radically different in ippearance, 





design of LCL condensation 
instrument ee lustruments, Mare 
page 62) Is mounted normally a 
in illustration, is 5 wide by 1 ; 
by 4 high, including mounting bt 


Julien P rie \ Sons, Ine Balt 
Vid 























100 Standard Models of 
Registering Instruments 


Among Durant Productimeters for 
registering strokes, revolutions, o1 
lineal measure can be found 
the right instrument for almost 
any requirement in counting or 
measuring. 


Ask our field or factory engineers 
for recommendations on any new 
r special counting problems you 
may have. 


| Productimeters 


jt THE SPEEDOMETERS OF INDUSTRY Y 

| 

| DURANT MFG. CO. 
1930 N. Buffum St., Milwaukee, Wis. 
| Eddy Street, Providence, R. I. 
ules Offices in all principal cities 








TEMPERATURE 
CONTROL 


x 


T¢ mpera 


Ture control problems, 


1S Tor industry ana 


ence, including new 





H-B INSTRUMENT CO. 


2502 N. Broad St. Philadelphia, Pa. 











Temperature Controller 


for 2- or 3-step Modes 


New “Model VD-II" 


Is equipped with 


two snap iction switches, making it pos 
sible to secure two or three step con 
trol. Kach switeh has its own adjusting 


id justment 


iddition to main 


SCTeW, in 





for setting to desired temperature Kither 
or both itches may be: (1) Normath 
open Closes on rise in temperature; (2) 
Normally closed Opens 1m) =TISé ll tem 


pel iture;: (3) Three Vire Single pol 
double throw Therefore, a large number 
of circuits can be vorked out Instri 
ments may be set for any temperature 
up to L400 l Kach unit has the usual 
BN ecable connector and terminal }) ite 
for ease in making electrical connections 
For temperatures up to 800°F., instrt 
ments may be equipped with tubes 
up to 218," long. Standard practice calls 
for , tubes up to 233), long \adyust 
ible ranges for approx. one turn of the 
idjusting screw are 8000 and 400° ., de 


pending on exposed length, emperature 


lirnit, ete Ihe “head” of Model VID-II 


has a round base 3 in diam ind is 
bo” high. Snap action switches are rated 
it 10 amps. for 110 volts a. nd 35 


ups. for 220 or 440 Burling 1 


ment (‘a / Sprrvgtetla fz¢ 


Combination Tester 


New “No Lis” combines a complet 


tube tester ith a wide-range set n 


ection is of Gvnamin 


mutual conductance types set analvzin 





socket nalvsis. Ranges are 1d to cover 
every present need and many future re 
quirements The Tlic leet ! 
sftrument ¢ Dupre f live ( 10% 


and, Ohi 





RECORDS DRAFTS, PRESSURES 
AND DIFFERENTIALS........+. 








THE 


HAYS 
SERIES 
OT 
DRAFT RECORDERS 


sensitive 





Here is an instrument 
enough to register accurately in 
crements of .0025 of an inch water 
pressure, yet husky enough to stand 
severe use. In the STEEL INDUS 
TRY it 1s invaluable for maintain 
ing proper atmosphere in soaking 
pits, annealing furnaces, open 
hearth furnaces, slab mills and any 
place where an accurate record of 
Draft, Pressure or Differentials is 
required. In the process industries 
there are many applications on 
driers, filters, kilns, etc. May be 
had in a portable case. Write for 


special literature. Dept. 11-2-8 

















The All Purpose 
AIR VELOCITY METER 
“Alnor” 


V elometer 


Instantaneous 
Dire ct 


Reading 


No Timing 
No Calculations 
Write 
, for Literature 
I1LLINUIS TESTING LASORATORIES, | 
142 W. Austin Ave Chicag 





litinols 








Surface Temperatures 





Stationary The “Alnor” 

or . " 

Moving Combination Pyrocon 
,Urve 


Surfaces Ideal for rolls, molds 


plates, platens and 
plastic n aterial ten per 
atures 
Write for bulletin 
f Illinois Testing Laboratories, Inc 
142 W. Austin Ave Chicago, tilinols 











ALNOR Electronic Type 
PYROMETER 
CONTROLLER 


ILLINOIS TESTING 
LABORATORIES, INC 


142 W. Austin, Chica 
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Binocular Microscope 


| roauced t meet the need tor 
c t st el 1 lighter instrument 
e Crree | ‘ ( ide-field 


Wh 
™ 
ud 





~ 
‘ 





it lye etlected STEAL 
l 4 1 I ed it] I 
‘ ( ad eve ece t ( Cl e ye 
eral tanec of sh end school wor. A 
ad { ‘ seprece carries WU 
| { vOSTTLOT ny two pairs of ob 
ective except the 0.39 ind 0.7 ob 
lective Ih range of objectives and 
evepi j illable for working mag 


nification of 2.34 to 150 diam. Body is 


the regular Greenough binocular type, 
idjustable for interpupillary distance 
Stave 1 equipped with removable glass 
insert nd removable white and black 


metal p e, for proper contrast of ob 


ect under investigation. Instrument can 


be placed directly on the work or it can 


t 
be equipped with a base carrying a fork 
mounted mirror. for transmitted light, 
nd pair of arm rests to steady the 
t ad ile orking on the specimen 
hau \ Lomb Optical ¢ f St. Pau 
‘ / he ¥. 2 


Electric Foil Gage 


Probler ff continuous measurement of 
ickness of thin foil during rolling 
the foil has been solved 

‘ ‘ foil Foil is passed 





vide Kddy cur 


the metal foil as it 


st hroug! high frequency mag 
netic tield nd the effect of these currents 
on the tield is measured to determine the 
of the foil. It is said that thick 
ness is indicated to accuracy of 0.00001 
; f Schenec fady AN 
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ROTARY SELECTOR 
SWITCHES /7 “se with 
THERMOCOUPLES 





LEWIS ENGINEERED 
multiple 


There is a 
SWITCH 


thermocouple installation. 


suitable for every 


Every Switch has an “OFT position 
Every model is designed exclusively for 
the small voltages generated by thermo 
couples. Low contact resistance permits 


very accurate readings. Standard Stock 


Models 

Part No. of Pos Nominal Approx 

No besides O.D Wr 
Off’’ Pos 

11S ae FB oz 

108 6, 9, 12, 18 ,0 19 oz 

128 24, 28 1.0 25 oz 


Bulletin 18-37- On Request 


THE LEWIS ENGINEERING CO. 


NAUGATUCK, CONNECTICUT 














Simplify 


your Gauging 
WITH THE NORTH SIDE 


rs 


ae 
z 








AMPLIFYING 
GAUGE 


Used more rapidly than snap 
gauges and gives more useful 
results. Well adapted for use 
by unskilled labor. Handles all 
shapes, up to 5!4” high on table 
and 8” in length between cen- 
ters. All styles from universal 
(illustrated) to plain single- 
purpose models. Highest work- 
manship and best materials. 


The North Side Tool Co. 


17-19 Maryland Ave. Dayton, Ohio 














Peak Kilovoltmete 


Though of the ordinary Scale 
pointer form, this new type of ir 
ment indicates the maximum value 
termittent instantaneous peak poter 





it consists essentially of a high-\ 
rectifier in series with i capacitor 
electrostatic voltmeter Specifically 
Ineasures “Instantaneous maximum pr 
tial of the electron charges” accumn 
on the plates of a newly designed 

leakage capacitor permanently sealer 
the voltmeter. Leakage resistance is 
prox. 10 ohms. Variations in this re 
tance are said to have negligible eff 
on indications. Outstanding use is 
to be direct and accurate measuret 
of instantaneous breakdown voltage 
veloped by ordinary induction 

coils. Others are: } d. between the 
positive ind first negative peak: 
ad unped sine Wave; surge voltages: un 
mum value of pulsating d.c. volt ges, | 
Now available in ranges from 100 

mimimum readable value to 16,000 1 

mum; soon available for higher volt 


The Hlickok Llectrical Instrument 
Dupont Ave., Cleveland, Ohi 


Voltage Regulators 


\ new switching mechanism in 
the major insulation between taps 


to consists of 


from line ground 


process poreelain, has been incorpo 





in a redesigned line of four step byt 
feeder voltage regulators Phe mee 
IST has spring drive, ictuated 
sturdy capacitor motor and gearing, 
the tring providing a_ time-delay 
tween the operations of the contact 
ing volt-meter and switching me 
ism. ‘This time-delay is automatic 
set by auxiliary switches which causs 
motor to run back to its original pos 
when a ch inge in volt ive 1s not req 
General Electric Co., Schenectad 
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WE CAN'T MAKE THE 
WEATHER TO SUIT 
THE WORLD! 


But we DO make 
THERMOMETERS that 


everybody wants 


e Genuine mercury Thermometer with 
vide RED column is in demand every- 


ynere 
When you specify on your order 


PALMER 
“Red-Reading-Mercury” 
THERMOMETERS 


know you will receive selected tubes, 
iaranteed accuracy and highest quality. 


THE PALMER COMPANY 


MANUFACTURERS 


Pe Laboratory and Industrial 
Thermometers 


| Norwood Ave., Cincinnati, Norwood, Ohio 


n Plant: King & George Sts., Toronto 











Automatic 
Protection of 


A. C. Circuits 


By G. W. STUBBINGS 


B. Sc., F. Inst: P., A. M. 1. E. E. 








6 eaes ROOK reflect the ama 
t levelopment in large-s¢ 
t nsmi I whict t 
‘ nq Rr } 
| 
l 
Ter int 
{ lr 
re 
} ¢ el 
Té 
Db 1 lil 
lly pr 
ni i t 
l tr 
| wi } 
| 
| ‘ 
| ( 
i t xt 
bh] 
\. B 
x834 in., 293 pages, 209 figs 


$5 postage prepaid 


INSTRUMENTS 
PUBLISHING CO. 


7 WOLFENDALE STREET 
PITTSBURGH, PA 











Telemetering System 
for Electrical Units 


New features included in design of 
“Metameter” telemetering svstem (see 
Instruments Feb. 1934, page 360; Jan 
1935, page 23) have made it practical to 
ipply this system to electrical measure 
ments, using standard measuring el 
ments in the transmitter. Indications of 
millivolts, or of the totalized megawatts 


of power plants, can thus be indicated or 


recorded at distances from a few feet to 
many miles The Brist ( Il 
foi? { 


Miniature Transformers 


Ne miniature transformers, the “Aero 


Series,” are particularly suitable for 
the communication ind eleetronies fields 
in re l l el¢ ( x 
mely nal in 
( ( auner 
l includin re 
( Lite mountin 
I cement ‘ 
l l 
| high Core 
erlals are nicke 
Irol lovs. | Coil 
f moisture 


MOT Construction 





irine ind 
ieronautical service Transformers have 
i usable range from R20 te 20,000 
C:1,8-5 ire iailable in input, inter 
‘tage, output, bridging and mixing types 
have an operating level from SO to 


22 db ind i special Yroup is included 
which 1s « ipable ot passing plate current 
when used over the voice range Fer 


ranti KBleetric. Ine O Rockefeller Pla 


Fixed Capacitors 


New “Ceramicons” consist of 


dielectric with coated plates of pure l 


it Ceram 


ver. ( pacity constancy Is sai oO ty 
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To Gauge the Progress 


of Today's Accelerated 
Pace... 

In Industry,<Science 
and Transportation . .. 
The need for Accurate 
Timers assumes Greater 


Importance... ~° 


GUINAND; GALLET 
GALCO and SECURITY 


Timers set the Standard for 


Enduring Dependability 
Write for Catalog 7F 
JULES RACINE & CO, 


20 WEST 47TH ST., NEW YORK 
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TEST MAGNETIC 
PROPERTIES 

OF YOUR STEELS 





RAWSON FLUAMETER 
SIMPLEST AND MOST FFFICIFD 


RAWSON Electrical Instrument Co. 
CAMBRIDGE MASSACHUSETT 
E 20t St New Y 
Ww Ra 
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Decibel Meter 


\ rectifier-type power level indi 
itmeter, Miodel 695 Dy ype 11° ou 
icl me circuit network 1 


rovide improved uniformity of oper 
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Thermostat with Half- 
degree Differential 
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ACCURACY 
with SIMPLICITY 


THE 
IMPROVED 


AC-ME 


RECORDING 








GRAVITOMETER 


An accurate record of the specific 
gravity of gas. 





Compensated for temperature and 
barometric pressure variations. 


A number of different 


available. 


ranges 


Write for Calalog No. 22 


THE REFINERY SUPPLY CO. 


631 E. 4th St. Tulsa, Oklahoma 

















Portable Potentiometers 





RUBICON 


ometers are available in a vari- 


portable potenti- 


ety of models and ranges to 
suit any application, such as 
pyrometry, pH measurements, 
meter calibration, etc. These 
high-grade instruments are de- 
scribed in Bulletin 270. 


29 North 6th St. Philadelphia, Pa. 
Potentiometers. Galvanometers. Electrometers. Col 
orimeters Permeameters Arcronographs Resis 
tance Boxes. Wheatstone and Kelvin Bridges. Coil 
Testers. Clip-on Transformer Ammeters 


Bulletins available on request 











Power Level Indicators 


nN 


New miniature instruments for me 
ing levels of a-f. signals consist « 
modified 


tially ot permanent-n 


moving-coll movements In conju 
with selected Rectox rectifiers. S 
ittention is given to the control 

sponse ind damping characteristi 
the movements All standard indi 


DECIBE LS 





have cale marked 1oyo 6 
others can be furnished with 
scales, speed, response, damping ind 


bration. Due to characteristics of co 
oxide rectifier, it is not desirable to 
power level indicators for levels 

than 0 db 0.548 or 0.6) volts, n 
states. Standard Power Level Indic 
ire available in 1) “Standard Sy. 
natural period of 
factor of 2; (2) “High spe 


natural period of Lpprox li sec.: d 


ipprox 0.57 
a ill pine 


ing factor of 16.6; light moving ele 


strong control springs ind stro! 


\\ tilable iI 


flush, rectangular flush, and rec 


balt steel magnet 


projection mountings We 


Electric & My ( Kast Pitts 
Pa 


“Turret” Oscilloscope 


Pwo new oscilloscopes, with 2 
screens, incorporate in ECXCTUSIVE 
Tube mounting hich permits ( 
yaistment of tube 1} rdown, or to ¢ 





side, tO mnake screen Tace operator 
idjustable shield is said to enabl 
reading in brightest davlight.” These 


} 


scilloscopes ire said to meet ever 


quirement for visual study and ad 
ment of circuit problems Linear 

from 15 to 20,000 evyeles. Model 16! 
oscilloscope (illustrated) is furnish 
deluxe eatherette, or metal with 
wrinkle finish. The 3 oscilloscope, 
lv larger, comes in metal 
The Triplett Llectrical Instrument 


Bluffton. Ohio. 
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A New 
Shallcross Instrument 


e No. 835 Decade Potentiometer is a pre- 
on voltage divider and can be employed 
an auxiliary to the laboratory precision 


tentiometer. 


Provides 
Voltage 


Ratios 








Schools and colleges will find it ideal for 
student instruction and industrial laborator- 
es will also use it for calibration of gal- 
vanometers and voltmeters. 


Send for Bulletin 835-H 
describing this new instrument. 


SHALLCROSS MFG. CO. 


COLLINGDALE, PA. 








Special Tester 
for PLASTICS 






THE 
DYNSTAT 


YPECIALLY designed for test pre 
eedures recommended in » Coy 
b . , 


man Government Materials 





Bureau Report (which disclosed 
is ilts of applyir las 
ird-i ? iws nd lina 
1u cs ft r I i I 
2) 
| Y t 7 cir ‘ The nat 
vhich makers and use 
tor ind } molde@a mat 
itt } Significance mpa 
tl bending strer h tati 
lir net} imp bending 
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| I I xter I 
j , , . ¥ , 
correct tech W 
I nin your 
' 
i Troan Tg’ ‘ YT 
| TESTING MACHINES, Ine. 


160 W. 34th Street, New York 











nat, 


Vernier Caliper 


New model of Mauser Vernier Caliper 
is made entirely of a special grade of 
stainless steel which will not tarnish in 


damp atmosphere or when moistened by 


a 
a 
the most acrid perspiration, and is capa 
ble of being hardened to a high degree 
Measuring surfaces have i Rockwell 
hardness ot 35 or more (10 }¢ Noche 


( ¢ 0 Lafayette St,, Vew York ( 


Stopcock Greases 


Four types of grease are announced 
for use on glass cocks ino vacuum lines 
No. 6 is for cocks which may be tit) EC 
to high temperatures No i for high 


vacuum exhaust systems, will not readily 


release gases which would interfere wit] 
vacuum readings. No. S lubricates) rub 
ber hose .connections to metal tips of 
vacuum exhaust pumps and assists in 


making such joints) vacuum-tight. No 
10°s light consistency makes it most suit 
ible for atmospheric pressure use and for 
easier manipulation when cold. It is par 
ticularly idapted to dessicator use 
Westinghouse electric \ Vfa. Kast 
Pittshural Pa 


Angle Valve 


Introduction of this new ingle 
valve rounds out line of controls for im 
proving circulation on hot-water heating 





svstems. It acts both as a flow valve and 
elbow ddi lor 
flov \ lye Is not 
required in a single 
return svstem 
contains new 
valve di cor 
structior t bea 
inces the pressure 
head a ure 
rainst i ¢ kage 
trol ae | WV cirel th Bod ! teri 
IS DT tor the 1 17 ad cast iron tor 
he | nd 2 SIZeS ith brass trim fo 


Refrigerator Control 


Ne “TAG Snapon Control, ‘Type 
Rk 10,” for domestic retrigerators, retains 
many features of older models: IS rf 
simplified construction; is said to 
new dvant wes st iinless steel Preame 
rigidly supports working parts and it 
sures against creep of temperature ef 
tings, while the = side plates ean be. re 
moved easily for inspection ft inter 
parts \ novel idea is introduced f 
operating the “On-Off switch by me 
ot thre cold control knob it Ceable 
tube system is new: by removir four 
SCTeEWS, complete bellows cup assembty 
may be replaced. Differential setting « 


be changed by inserting a small sere 
driver through hole in adapter. sere 
without removing control from evapora 
tor hafile ( - Taaliahue Vfa ae 
Park & Nostrand Aves., Brooklun, N. J 
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MODEL No. 60 


I INDICATING 
PYROMETER 


Wheelco Model No. 60 is « 1a 


performance to the hig! t priced 
instrument on the market 
resistance—ruggedly constructed 
for long service—dust and n 
ture-proof cast equipped wit 
automatic compensatio! j 
mirrored scale, and choice 
ranges and calibrations. It i 
easy to read, accurate ndicating 


Pyrometer that can be relied upor 


for efficient service 
Includes 12” Thermocouple and 5 feet lead wire 


See Bulletin No. 504-G PRICE 
For Other Types & Sizes $45 


WHEELCO INSTRUMENTS CO. 


1933 SO. HALSTED STREET, CHICAGO, ILL 




















WHEELCO Portable 
Potentiometer 


es 
ei 
e@ \ 

i 
en 


Wheelco Instruments Co. 


1933 So. Halsted St, Chicago, Ul. 

















Relay 


Ne Type D” electromagnetic relay 
for operation n either c. or d.c. meas 
re 2 K15,,°x1 With a-c. coils it 
fur! ed fo e up to 120 volts, and 
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Utility Test Panel 


Designed for making routine and trou 
SiN it we Cal be put ont 


\ complete set Tt re idings 


‘ < r ¢ ic sepa telyv, 
rite hey ( Da 
The fo ing 
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Ih I! Cor ty current 
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“ CLOSER-THAN - COMMERCIAL” 


TOLERANCES 
* 
Obtainable in 
Pt, Au, Ag, Ni, Cu, Fe, Al, 
or any special alloys 
* 
BARE WIRES drawn to .0006” diameter 
RIBBON rolled to less than .000I"’ thick 
FOIL rolled to less than .0005" thick 
* 


GALVANOMETER SUSPENSION 
iil 


CLOSE SCIENTIFIC CONTROL OF CHEMICAL 
COMPOSITION AND PHYSICAL CHARACTERIS- 
TICS. High purity; exact size, weight and 
elongation; high tensile strength; accu- 
rate torsional properties, resistance and 
temperature co-efficient of resistance. 


* 


Specialists in Precise Control of 
specifications for difficult alloys for: 
@ FILAMENTS 
@ GALVANOMETER SUSPENSIONS 
@ RESISTANCE and FUSE WIRES 


SIGMUND COHN 


44 GOLD ST. NEW YORK 
SINCE 4 1901 








® AQ TYPES OF 


A= MEYLAN STOP 
f- ‘ ~ \NWATCHES 


“ A FREE fo 


REPAIR SERVICE 


a 2 Ri. ME fie AN 


264-66 West 40th St New York City 














Electrical Instrument Engineer 











Limit Switch 


In this new “L-K” precision 
switch the snap point is held in 
tolerance relation to dowel holes ir 


mounting plate, often obviating ne¢ 
idjustability of actuating parts, an 
Switch eleme 


ibling setting to jig 





stand lard Micro Switeh carrying UU: 
vriters’ and Hydro Klectric Power ]} 
iting it at hp. up to 160 volt 
Sealed into steel case, switch is acti 
by a plunger. Total travel of plunge 
but switch 1 ictuated by Ln 
ment of O.O0O1 in the forepart of 


travel. The exact point of plunger 
it which actuation occurs is said 


maintained over millions of operati 


even though plunger may be ictt 
by hammer blows or allowed to sn 
1 cam Dimensions 23,’ 194, 
15 e Vic Szoitch ( r) rf 

I. S} St.,.F port, I 


Cone-and-disk Type 


Flow Indicator 


“Flowscope” flow indicator, for 
is up to 20 Ibs./in.* line pressure, i 
"are Yg class, cone ind disk type, 


gruide-float variety Is available in 
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Beat-frequency Inkless Recorder Two-stage Regulator 


G t Lhe conventional inking system lia New “Regolator” two-stage regula 

enera or been replaced by i mechanism utilizing or combines a “positive, direct” first 

portable instrument delivers a i typewriter ribbon as the markins tage nozzle type regulator and a_ se 

iouslvy. variable a-c. voltage from medium ino ame recording elect ric ond-stayve inverse or stem tvpe regula 

to 10 volts over two continuously tor; is said to provide constant flow f 
regardles rf 1 








evlinder pre ur iid 





e frequency ranges from 20 cycles 
-¢. and from 20 ke. to 5 Me. Has 
reading frequency dial with well 
ded seales, direct reading output 





oltage ittenuator system Exceptional! "ee } designed 


strainer is said to have i filtering area 


triple l ig tvpe 





tabilitv is said to be attained through 





orrect circuit design, rigid construction 9 it least 17 times as great as that con 

good thermal insulation. Low tem tained in ordinary regulators: also serve 
verature coefficient condensers and coils instrument, eliminating spillage, evapora to dissipate heat and eliminate possibil 
ire used in all frequency-determining tion, freezing, clogging of pens, etc. New itv of seat ignition. First stage regula 
ircuits. Specially designed broad band instrument offers also, it is said, such ad tor setting 150 Ibs./in.2 or adjusted by 
amplifier provides substantially constant vantages as increased reliability over a the operator to as low as 75 Ibs./in 
output over major portion ot entire fre wide range of temperature, added ac second stage regulator adjustable fron 
juency range. Each frequency range is curacy since pen-to-paper friction is re 0 to 75 Ibs./in.2 delivery pressure; con 
indepe ndently adjustable for zero. set duced, decreased maintenance, and abil stant delivery pressures well below 
ting, permitting ‘switching between ity to obtain month’s record without 1 lb. /in.2 are said to be easily maintained 
ranges without resetting Boonton servicing..-General ELleetric Co., Schenee The Bastian-Blessina ¢ O East On 
Radio Corp. Boonton, N. J tady, N. tariv St., Chieaqo, Ill 





THE ROLLER-SMITH 
“maro.’’ 
INSULATOR TESTER 


provides the quickest, safest, most accurate, most 
reliable and most economical 
method of testing circuit breaker and trans 


former bushings and sectional insulators for 
potentials up to 220 KV. 

The story is told very clearly by an Engineer 
of one of the World’s largest Power Companies 
in an article presented by him at a recent AIEE 
meeting. 


Send for this Article and Catalog J-11, Section 2 





Ask also for Catalog J-11, Section 1, covering 
the “Hipot” Potential Indicator. It is another: 
‘“Hipot” of interest to every Utility. 


ROLLER-SMITH COMPANY 


Electrical Measuring and Protective Apparatus 


MAIN OFFICE: 2132 Woolworth Building, NEW YORK 
WORKS: Bethlehem, Pa 


IN CANADA: Burlec, Ltd., Toronto, Ont 
Sales Agencies in principal cities in U. S. A 
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Modern Scratch Hardness Methods 


H 


\t 


By S. R. WILLIAMS 


Professor of Physic s, Amherst College 


( s SCAT Y MEANS Ol MICROCILARACTER 

\ vrea inv investigators hay 1ifempl d to stand 

1 Mo scal if hardness in terms of some particu 

il hardn ss WASUPTING device H dor ind Mi Kay have 
tudied I hardness of th ninerals comprising The 
\l SCA \ neans oft hie nicrocharacter Attention 
dy { » called to the fac that minute crystal 
t t > may be readily measured by means of this 
sty nt. Thus in a sample whose erystal grains are 
inged as in Fig. 77 it is possible to measure varia 


/o°oo 


which the \ 
kind ot 


omposition, changes produced by 


variations found in each step and thus 


changes 


ach mineral could be ascribed to 


iriously orien 


aggregate, and to changes in 


~~ a4 


crystal grains in the 


directions in which the was made with 


to thie 


microcut resp 


crystal faces and planes of cleavage of the ery 
isa whole 


Jagegar is of intere 


In this connection a paper by 


It classifies instruments and inventors in an unusual w 
ind gives a good bibliography up to the date of 


Like the Grad 


writ 


o-meter, described in’ previous pag 
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77, Crystal grains in a phosphor bronze sheet. 


Fig. 
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0.20 phosphorus. Magnification 75 


in h irdn ss trom one rain to inother, a procedure 
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which woul not bye possibli with the greneral Vpe ot 
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testing ment, 
Mohs S¢ ile. Hoda ind MeKay found 
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Mohs’ - 





timbers Zz 


78. Comparison of Mohs’ Scale with various Sclerometers 


Jaggar’s sclerometer depends upon a drilling proc 


=> 


h a diamond point of prescribed form and dimensio 
follows: A d 


rotated on an 


principle of the instrument is as 


mond point of constant dim 


Nnsions os 


nted nineral section unde r uniform rate ef rotation a 


Initorm weight to a 


of the duration of the al 


iries as the resistance of the 


ions of the isure 


pomt, a me 
mineral to abras 
by diamond: this is the property measured. 

ibrasive method 


This is strictly an ind could 


ty Th Glisé issed unde r that hie id It Is introduced 
Decaus oft th comparative study Jaggar made of 
sclerometric values of Mohs’ seale. Not onlv did Jageg 


+} | ] ] } 
isure the relative values of Mohs’ scale by means 


his own sclerometer, but he 


} 


LOSE it other 


compared these values w 
Table IIT ar 


which have 


obse rvers In given 


’ ; 
values which he compares to been add 


some early values by Franz ind the more recent va 


ro AL J r. AM rometer for Deter the H 


uniform depth. The number of rot 

















LE ITI—MOHS’ SCALE STANDARDIZED BY ure the hardness of glass. Since his day great improv 


VARIOUS SCLEROMETERS ments have been made in sclerometers and attention has 
Hodge once more been paid to the measurement of the hardness 
ind of glass. 
Franz Pfaff — il Jaggar — uy Among the most recent studies. is canvarticle by Gehl 
; . 

ee hoff and Thomas''. These investigators used a Martens 

od () 6 
29 12.0 0.04 20 sclerometer and measured the serateh hardness of vari 
13.2 15.3 5.6 ns | 24.0) OUS olasses is different constituents were introduced or 
( 72.0 37.3 6.4 s 27.0 substituted for other substances. The diamond point h id 
\patite » 240.0 93.5 6.0 1.2 109.0 1 9O- cone angle and the surface of the glass specimen 

; 59.2 25 ( ( 
: oe o pone ops ae iat awe was drawn under the diamond. ‘They tound it easiest to 
60.0 159.0 194.0 152 645.0 put a fixed load on the diamond point and measur thre 

ndun 1000.0 1000.0 1000.0 1000.0 1000.0 





Hoda and McKay both reduced to the SALI scales is 
others. These results have been brought together in 


eries of curves in Fig. 18. The curves only go to show 











the same property is not being measured in all cases. 





gars sclerometer is distinctly on the abrasive side of 


irdness testing and the most recent of methods uses a 
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ny eda 


Fig. 79 shows Jaggar’s instrument attached to a Fuess 


4 


croscope. Fig. 80 gives the plan, while Fig. 81 shows 


he vertical elevation. Complete arrangements are pro 


led for counting the number of rotations of the dia 





Fig. 80. Horizontal plan of a device for centering and rotating 
the diamond point drill. 
































Fig. 79. This form of sclerometer depends upon the depth of de- 
pression which a diamond point will drill in the surface of a test 
piece when the diamond is rotated a certain number of times. 











Fig. 81. Vertical elevation of device for centering and rotating 


ond as it drills into the surface of the material tested. the diamond point drill 
instrument deseribed admits of measurement with 
\ me of the four variables rate, weight depth O 
ase ; 
ition. The last was found must practical, because 1 Scr widt | | it e 
s the hig est values and hence idmits of the mos Iproca rt ft serat widt! I 
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7 teay Y re 1s t \\ l N K 
} 1? . 
Attention was called to Auerbach’s ittempt » meas Lighter loads eav Se nt « i . vidt 
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athode-Ray Oscillograph Applications 
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By RALPH R. BATCHER 


Radio engineer; cathode-ray and electronic application specialist, Hollis, L. I., N. Y. 


RADIOPHONE TRANSMITTER TESTS 


MODULATION STUDIES 


' 
ipplication of 
s is the determination of the 


is the 


One if the earliest and most popular 


operating 


‘ iracteristics of radio transmitters, such percent 
I mdula on, l 


phase shift, fre quency mo lulation, hum level, 


parasiti Ss. OVE rload dis ortion, et Qt these the most 
common test is the determination of the degree of modu 


modulation is obtained 
Also, 


accepted test methods, engines 


lation. Much information beside 


] 
from the resulting oscillograms since there are 


several rs charged with 


the care 


before selecting the one adapted for their own particular 


of a radio transmitter usually test all methods 








nee ds 
Fig. 1 
| mrmo disto t i s Is illy to rate j in a 
broadcasting station may be under ten percent, which 
pose sever restrictions in the permissibl ipper 
\ f the percent ddulation 
| ] ypularity »f cathode-rav tubes in this work is 
par d to tl iti\ simplicity of the whole test 
S ompared with other methods. sin 1 time base 
SW s( lator s not required The ict ial cost of a 
thode-ray tube and its controls is but little more than 
that of an ammeter. In fact an oscillograph can be made 
» take t place of several instruments, in the matter of 
giving eq il amounts of information as to circuit opera 


tion. The deflection system canont burn out in case of 
wverloads, and the “pointer” cannot wind up around the 
peg” under similar conditions so that it is actually mort 
fool-proof 

To test these conditions the author built a radiophone 
transmitter, Fig. 1, in which an oscillograph replaced all 
instruments. The power stage used two RK-20 tubes so 
that ample power was available. It was found that the 
eficiency of all 


modulation linearity, 


changes in the power output, 


stage es 


overload distortion, antenna load 
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ing, etc., were immediately apparent, since a switcl 
irrangement coupled the deflection system to any par 
the transmitter desired. As to the relative cost 


the entire outlay comprised a cath 


compa 
with instruments 
ray tube, a multi-contact switch and two control r 
stats, since the high-voltage supply for the cathod 
tube (1250 volts) was taken from the main power s 
ply of the set. 


MODULATION TESTS 


Fig. 2 shows a number of test methods that are eas 
set up and used. In Fig. 2a the modulated r-f potent 
picked up by a coil E. loosely coupled to the antenna 
circuit, is applied to a “rotator” circuit, where the L- 


circuit is tuned somewhat off resonance, so that a cir 





Although the subject-matter of this in- 
stalment pertains to the radio industry, 
Ralph Batcher deals with it in so broad 


a way that readers in all industries will 





find it applicable to some of their special 








problems. 
ir diagram is obtained (as at 2a \ similar arrang 


ment is shown in Fig. 2b. wherein the condenser ( 


tuned so as to give a circular diagram. When the trar 
changes in diameter 


Any lin 


shape of this circle, and i 


mitter is modulated, this cirele 
that a solid 


distortion will alter the 


torus shaped diagram appears. 


Howevt r 
+} 


iit 


distinct indication of some misadjustment. 
used eal 


shown in Fig. 2c. Here a comparison is made betw 


circuit modulation tests is 


commonly 


the modulated carrier wave and the modulation po 


} 


tials directly. This method produces the frequently 


scribed trapezoidal figure, shown at 2c 
Actu lly 


the modulator frequency but due to the fact that 


this figure is a diagram of one half cyel 


} 
to 


horizontal deflection is at all times proportional 
modulation potential the sloping edges of the figur 
tained with this method will be linear as long as ther 
no amplitude distortion present. In Fig. 2c’ the edges 
shown curved, as will be described later. 

In a third method, Fig. 2d, the radio-frequency p 
up coil coupled to the modulated output circuit is ¢ 
nected directly to the vertical deflection plates. Anot 
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ikewise is coupled to an intermediate (unmodu 


stage and is connected to the horizontal plates 
se the horizontal plates can be connected directly 
radio-frequency portion of the crystal oscillator 
through a small capacitor to produce a deflection 
to the instantaneous value of the radio-frequency 
ntial. In the case where the transmitter is unmodu 
straight line appears on the screen, but in many 


| 
i i 


1 
+ 


s the line may be curved and in some sets may he 
lipse The elliptical effect is due to a phass shift 
ween the two points of pick-up (a condition that in 

is not indicative of poor operation). This ellipse 
converted to a line by altering the phase of one 


potentials, as by tuning the pick-up coil. Assum 
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Fig. 2 
lat such a phase conversion is made, it iy then 
found that the resulting line appearing on the screen 
curved. This curve, then, is in reality the resultant of 


he characteristic curves of the transmitter tubes, and 
irvature simply indicates operation of one tube or 
re) on a non-linear portion of its curve. 
When the transmitter is modulated, the line pivots 


sund its center and produce sa “solid” double triangle, 


shown in Fig. 2d’. This diagram will indicate a phase 
ft due to power supply regulation troubles or other 
ubles, if elliptical effects appear at the edge of thi 


igram upon modulation. 
In a fourth method, a linear time base operating at 
relation 


1udio freque ney pre f¢ rably he aring some 


to the modulation frequency) is connected to the hori 


zontal deflection system. The resulting diagram is a por 


tion of the carrier frequen \ envelope, is in ig = 
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Actual oscillograms of this type are shown also in Figs. 
3e and 3d (General Radio Co. 


ed in this way is frequently used as a volume indicator 


An osc illogr iph connect 


in monitoring radiophone transmitters, since it indicates 
the particular types of voice or musical passages that 

Lusé blasting In any of the ibove methods the radio 
frequency carrier can be rectified by a suitable linear 
detector, so that only the envelope of the aforementioned 


scillograms appears on the screen. In following out this 


te the horizontal 


process it wil be necessary to delineate tl 

ixis of the oscillogram in order to permit measurements 
to b nade This can be done by temporarily removing 
} rt i deflection potential 


COMPUTATION OF PERCENT MODULATION 


I) he modulstion oscillograms shown in Fig. 5. the 
iNitn I ind THLdTRTEtIN deflections have been labelled 
\ and B resp tively The classic formula commonly 
ed in mverting s ch values to the percent modulation 

| B 

V : LO0OC, 

i-+-B 

» stit he distances scaled from the di igram in any 


mits of ie ngth. Or else these values can bye ipplied to 
the chart, Fig. 4, and the percent modulation determined 
by finding the intersection on the central 
scale of a line drawn from the values of B and A. 


however, it 


In any of the above modulation studies, 
should bye reine mibe red th it no sing value ot pre reent 
modulation will tell the whole story—especially if the 
amp lific r is not linear, or if the System does not modu 
late down” the same as it modulates “up’. This is 


} 


graphic lly shown in Fig. 5 where three examples of the 


trapezoid type of modulation diagram are shown. In 
Fig. 5a. the sides AB) of the diagram are linear. ind 
tl listances AC and CB ar equal Here the shaded 
C’ is the carrier wave oscillogram when it 
is unmodulated, and AABB represents the modulated 
Fig. 5b the sides are sloping ind the distance 
modulated 


)) In Fig. 5¢ the reverse is true. The usual detinition 


irrier. In 


\( greater than C’B or the transmitter 


} 2 ] 

reent modulation refers to the average value of th 
1 

DOS { po ik ind negQatlve peak modulation, ind Is 

+} 


0 vy represented in the above formula and chart 


CONNECTING TO THI TRANSMITTER 


Phi mnections shown in Fig. 2. utilize pick-up coils 
pled to th transmitter in some manner to collect th 
q d mount of radio Trequency energy to deflect the 
\ I} le fle lon ump life rs tound in some osc illograpi 
nits. however, are of no \ ilue it such freq encies so 
tH nt potential must be vailable to op it th 
1 {1 ct 7 dit tly Nn NMANV CAaSeCS AN Sit t od Is 
! i Short length of high-tension cal such as ign 
mn near a h oh Trequency bus wire » th trans 
tter and t connect t dit etly oon deflection pl t 
i f which is grounded hese plat ‘S should be 
shunted bv a= radio frequency choke or bv a high re 
sistance 
In low power stages where the energy level is suff 
ntly low, the deflection plate can be connected directly 
o the stage through high-voltage low-capacity con 
lensers e value of which is not large enough to dis 
rb the natural operation of the circuit 


‘ 


In obtaining 1udio frequency potentials for deflection 
is possible to connect the deflection plat 
to an audio or modulator stage through small condensers. 
It mav be found. however. that with these connections 


} 
| 


the audio potential ipplied to the deflection plates is not 
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in phase with that used to modulate the transmitter. |; 
this case the modulation oscillogram may appear s 
what as in Fig. 3A where the sloping edges are ellipt 
In order to make accurate measurements the 
should be shifted to the normal one, so as to bring 
narrowest part of the figure to the extreme edge of 
diagram. 

This shift can be brought about by inserting a 
resistance in the lead connecting the audio-frequency 
tential to the deflection plates, and then shunting 


deflection plates with an appropriate condenser. 
ne 


capacity of which is selected by experiment. In o 












ll 






- 





‘cases the condenser can be inserted in the connectio) 
lead and a shunt resistance used. Figs. 3A and 3B show 
the modulation diagram before and after phase cor? 


> 


tion. In Fig. 6 oscillograms are shown t3 and 44 


which some audio distortion is present, since the eds 


never appear straight even after correction. No. 42 





Fig. 6 


: , : 
r. 6 is an oscillogram with more linear characterist 


These Fig. 6 photograp Ss were exposures of app 

mately 2 seconds with a 5” DuMont tube, using 

shown in Fig. 8 of the July 1936 article. 1 
} 


] . ++ ; } 
mbers were written on the face of the tube with a} 


MODULATION OSCILLOGRAM ANALYSIS 


In the trapezoid tv pe ol oscillogram, any depar 
of the contour of. the sloping sides from a straight 
should be investigated. A few representative exam} 

been sketched in Fig. 7 for analysis, though 
following inte rpretation of the appearance cannot 


taken 2s an accurate ouide to all transmitter troul 


since different causes may prod ice identical ippearan 
m the screen 

Fig. 7A represents a partially modulated wave wh 
1 pure tone has been applied. This diagram repress 
the ideal case. In contrast the diagram (H) has b 
modulated by means of a speaking voice. Here the | 
izontal length of the figure varies continually, occupy 

{ 


the central portion of the screen most of the time, but 


times extending to the right and left when impul 


-~ 











ibles are spoken. The figure is therefore more in overmodulation can be estimated by the fictitious value 
selv illuminated near the center. Modulation studies obtained when the sides of the diagram are extended 
be made with any type of input, therefore, although giving a negative value to the minor dimension, B, used 
steady tone Is preferable. in the modulation formula. The sides are extended until 


If the modulating wave is distorted, certain brighter they are in line with the tip of the figure as shown in the 


nds may appear on the diagram, such as (B) and (C); sketch at bottom of Fig. 5. This negative value for B 
ich might indicate the conditions when even and odd substituting this negative value for Bin’ th ime 


formula, which will give an apparent value of modula 


rmonics are introduced respectively. In (D) and (E 


modulated envelope is non-linear, due to wrong bias tion percentage greater than unity. 


r of the amplifier stage or to insufficient r-f. amplifier In diagram (I) poor regulation of the power supp! 
tation. In (E) the negative peaks are also distorted. is indicated, so that the power level may drop as. thi 
modulation increases. This causes a rather disagreeable 


tv pe ot distortion The effect of poor power supply reg 


ulation generally shows up in the doubler or buff 










stages. When the final stage is a tetrode. n vd 1i101 
must be ipplied to both the I ite and the screen cir 


{\ 


8 


| 


| 











ilone Is modul 


If 


gram (FE) might be found, but in some case t may 





for best results. lhe plate 
found that dynatron oscillations occur when the plat 


pote ntial is modulated down to a value below the screen 


voltage. ‘This gives a diagram somewhat as (N 
Ihe oscillogram of a controlled carrier vsten () 
] } ' 
rather hard to analvze as lon@ as the carrier lev 


changed with modulation. Diagram (P) represen 


output OI a typical short-wave diathermy ymuitftit. which 
delivers power only during every other half cv If 
oscillator is no correctly balanced and properly ven 
however, this oscillogram might appear as Fig. 8 wl 
. was taken on one such outfit. The type of diag How! 
ich as might occur when a tube is used with insuthcient in this figure indicates several strong | 
inode potential r-f. output 
| represents the phase shift condition previously In the diagrams illustrated in Tig. 7 { 
referred to. In some cases when phase correction 1s ap mav not alwavs be caused bv I fect ade | 
plied so as to bring the narrowest part of the figure to the « xp! ination may sery for preliminary studi \\ 
he end of the diagram, some of the elliptical effect still some abnormal effect is indicated, the 
remains, as in (G). This may be due to non-linearity of make separate oscillographic studies of th 
modulation and the effect is to be distinguished from cuits feeding the final modulated stage. Th f} { 
non-linearity of the r-f amplifier, which produced an et changes. or of various screen voltages. is read 
fect shown in (D) and (E). Overloading in the modu ent, either as a change in carrier outpu 
lation choke or transformer might also account for (G). characteristics. The effect of power suppl g 
\ similar condition brings out the effect of a doubl can be studied by applying the potential f 
'ipse as in (J). also shown in Figs. 6A and 6B. The oscillator circuit to on pair of plates and potent 
ippearance (M) is sometimes caused by poor neutral from the buffer stages to the other pair. Any non-line 
zation in amplifier stages although several other causes condition existing is readily noted 
tor this condition are possible as well. . 
In (K) the carrier has been reduced without chang CD emer ern 
ng the gain in the modulator stages so that the carrier In many oscillator circuits, and in some amplifies 
s greatly over-modulated. Detunning the final amplifier cuits, parasitic oscillations are present which are not 
ink circuit, or improper matching in the antenna cou evident from instrument indications, | neverthele 
pling circuits, may account for such effects. In I.) an cause lowered efficiency, The circuit Fig. 2d permit 
other case of over-modulation is shown. The degree of ( tinued } 
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DECEMBER PROBLEM (No. 14) 
rIRE TRACTION EFFICIENCY 


“Our Research Department plans a 
series of tests involving draw-bar pull of 
farm tractors, together with percentage 
slip of the tracter drive wheels at various 
values of draw-bar pull from zero to the 
maximum ability of the tractor. We de- 
sire to measure: (a) the slip of the wheel 
of the tractor (b) the draw-bar pull of 
the tractor (c) the rolling resistance of 


the tractor.”’ 


SS PRIZE SOLUTION 
CLARENCE ANDERSON 
FARGO, N. DAK 


Severa nethod ire given to deter 
ine the different facts required; namelv, 
i 1) bar pul 1) Slippage; 
Rolling resistance 

A) 1 One method of me isuring pul 
uld he t uiSé 1 dynamometer of a 
irallelogran design vith a hvdrauli 


iston using oil as the medium of trans 


pressure » a pressure gage 


yd Another 1 to use 1 adraw-bar 

f a spring-loaded sliding type to which 

i ttached an i-c. current reactor coil 
» designed to change the current flow 


in the coil by means of a moving iron 


©) n racte 
— ) Gage . 
« 4 a 
{A ~ os y ¢ hs (A) 
1 AE 2. | 
. x Piston ‘or 
= 
¥ \ f 
ee 3 Y> 
“ — 
\x ‘7, mg AP 
nda, 
¥ 
Load 0d 
(B ) 
n\ 
T/Ow &} } k\ tT 
. Vessu 
ndie ‘ie 7 
\ ( Pump ; age 
( ~4 
\] NN. Crhnde 
1 SIT) Peta assem 
} yi ve) \ | 
+ j YY ) 
rr »/ 
| 
} 
| ry} 
Jv “ x n 
, 
ied ft I T ble 
wre \ Y } 
ene he ictor ith 
{ T } 
f 
\ ‘ i cre 
| rT iriver ad 
hat ne f 
t titt nee to De 
l { y fre er 
a eT [he " € 
the differe e i er 
between this whee 
1 ( l jue The percenta 
ed | device n the dif 
i i] ive each hee 
‘ Yr ind ero 
ré I i ‘ { { ré (>I a ! | 
‘ 4 i flo maica yr y 
i} ive by the amount 
f 1 ement of oil in either direction 
throug the flow indicator 
( Again the use of the hvdraulic 
rie riy evlinder ne on each 


river or possibly one on the drive shaft 








Hydraulic cylinders; designed so 
the pressure developed in them car 
readily connected to a recorder, by ke 

: ing the head of the piston large in P 
if the construction permits. The cylinder ; 
i ta s case of the draw-bar and the head 
issembly is ftastened to either the shaft . : 
. : in the Case of the evlinder under 
or driver and the piston assembly to the f . : 
ron ixie¢ 
remaining one \ ground fitting would 
ive to be used to transmit the pressure Tachometer jenerators, the output f 
n the oil in evlinder to gages calibrated the generators are fed to recorders. ( I 
sd a tora If used on drive shaft renerator l connected to each 
| | ‘ a» ’ : : ° 
ynlv one unit need be installed heel, and one to the shaft whi 
fastened to the driven sprocket 
$5 PRIZE SOLUTION Water brake; the power whicl 
dynamometer dissipates does not hay 
By L. R. KETTENRING : : 
SEATTLE. WASH’N be measured. It is just a unit to 
: care ot speed ibove st illing conditi 
l possible to secure in iccurate 
hart record of draw-bar pull on a trac leche mever eee 
I rein ah 
r by installing a calibrated tension sn oe 
spring in the draw-bar link ith direct 
mecti 1K COI ctio to i pen on i 
position recorder so as to record a range 
from zero to maximun pring extenslor 
The rate t tire slip can be recorded | 
throug! il irrangement vherein a dif 
ferential gear assembly provides a means 
of relating the speed of the tractor 
vhee ind the time element Corie idle rf 
r Tachomeser gantrarer 
f z Water -> 
- , A ’ brake TO iv 
>| i he 6 ® Tachometer 
\ +t = gal a , Hydraulic gtnerater 
at 6 elet y 7 malar 
} | 
cea 
wa e 7 4 
Slip Recorder Mechanis7 a t 
Praw-bar y Clearance a 
Mydras 
. ‘Sprecten’ ey?'nde 
PL CA 2 Doras ; 
. Charn < > 
i he r , 21 iE 
r J j , 
~ 
au ber Hecceoder lion Prony brake the power dissipated hie 


does not have to be measured either 


is used to bring the tractor to a stal 


he differential is directly connected ti condition 
rhe he In a manner Similar to a speed . Sprockets Ind chain drive shown 
meter connector The other side of the for simplicity ol calculations Comme 
differential is operated from a= variable cial brake testers allow rear wheels 
Cirrie device LS he reatter ce s( ribed The run on two rolls to obt un mM iximum tr 
spider 1 connected through a slip clutch tion 
Oo a second pen on the position recorder PROCEDURI 
record the desired range ot 1p) Phi pressure de veloped in the hydr 
The tle ime ade ice used fo ariy ic cylinder unde r the front ixie 1 I 
ng the © side f the differential is of ured on the recorder when the engine 
frequent ed tvn;: herein the applied not running. This gives the tare 
peed iries uniformly in relati ) P must be subtracted from reading { 
ad cement of the pider Thi is , re taixe hen the equipment i 
t 7 eme , pre tior \ hown in the kete 
) ec motor adr , fricti front end f the tractor is supported 
cl j ( f ric { na so Tt 1 . l cle I I 
ed lj btained be e¢ the front hee 
( nthe a The fri ) 
( ( ent ( ed tf I l t ) t re recorders I 
perated | e drive trom the pider 1 three tachometer recorder chart ire 
e different marked that corresponding time 








Problem No. 16 Subject Index 2.! 
CONTINUOUSLY MEASURING SMALL FLOW OF LIQUID 
Research Director seeks method of indicating flow rate of methanol: 0 
to 5.0 Ibs. hr.; has found drop-count methods inaccurate. 


Five dollars will be paid for every solution (or critical discussion clearly point 
ing the way to a solution) which is accepted for publication. Address Instru 
mentation Forum, 1121 Wolfendale St., Pittsburgh, Pa. Type double-space, or 
one side of paper. Draw diagram in black ink on separate sheet. Mail before 
March 15. Solutions and discussions accepted will appear in April 1938 issue 














tes can be determined. The engine 
rted and the water brake is used to 

the tractor speed down to the 

vhere the Drake can no longer dis 
te energy readily Incidentally, it 
d be advisable to install a gear box 
een the rolls and the water brake in 

to keep the operating speed of the 
e as high as feasible 

er dlissip ition curves on water 
-es show that their usefulness drops 

nsiderably with speed. Then the 
» brake comes into use to bring the 
ve to the stalled condition 
mSSION?: 
» obtain the continuous and instan 
ous values of slip of the rear wheels 
is consider the data taken by the 
meters. The tachometer on the shaft 
through the sprocket will give 
round peed of the tractor The 
meters on the rear wheels give the 
ntaneous speed of the wheels at all 
After the run Is completed t com 


. ] 
son of the charts will show slip 


Total tire thrust can be obtained from 


he forces indicated by the pressure re 
rders. One can easily rotate the force 

ishing down on the front axle into a 
force which is in line with the draw-bar 
If NX is the force which can be 

ided directly to the draw-bar pull and 

Y is the force computed from the pres 
ire obtained in the cylinder under the 

front axle, then (referring to drawing): 

X Yb/a 

Therefore, adding values of draw-bar 
pull computed from the pressure re 
corder connected to the draw-bar and 
rotated values of front axle forces, will 

ve instantaneous and continuous values 

f total tire thrust 
CorrELATION Wirn Roap Work: 

Che tractor would have to be taken on 
the road to get comparison data between 
the slippage which occurs on the rolls 
ind on the road. However 1 think that 
ie small effect of rolling resistance un 
der stalled conditions could be disre 
garded and data obtained from which 
ould be calculated a suitable coethcient 


+} 


DISADVANTAGES OF Roap 'TEesvTiNna: 
Ihe tests could be conducted on the 
road by suspending the front end of the 
ictor from a crane on a towing truck 
The evlinder which was under the front 
trI¢ vould now be p! iced in a yoke, Slin 


o the one in the draw-bar, and used 


easure the same force as before \ 

ometer would have to be connected 
Live Ww hee of the towing truck Or 
tt wheel unit could be ittached to the 

tf the tractor All recorders would 

e to be spring wound which is poor 


id acceleration took p! ice the 

of the tractor would have to be 
‘ into consideration. Also 1 fee! th 

uld take i skilled towing trucl 
» maintain the point of suspen 
ibove the front ixle ind = some 
thod to reeord the ingle of suspen 


ould have to be devised 


5 PRIZE DISCUSSION 

sy ELMO |! HANSON 

MINNEAPOLIS, MINN 
Phe problem of recording the draw 
r pull of the tractor could be solved 
the method used by Professors Stin 
ind Roberts of Ohio State Univer 
in their measurements of the co 
icient of friction between tires and 
id surfaces.! Their method of record 


+} 


K. W. Stinson & C. P. Roberts, Pro 
eedings of the Thirteenth Annual Meet 
ng of the Highway Research Board, 
ecember 1933. 


ing the draw-bar pull between a trailer 
ind a tow-car is to use a hydraulic dy 
namometer consisting of a piston ind 
cylinder filled with a = glycerine-alcohol 
mixture and a conventional engine indi 
cator unit for recording the fluid pres 
sures on a moving strip of paper 


The tire slippage could be measured 
by recording on this same chart the mo 


tion of the tractor drive wheels and of 

freely turning reference wheel (either ar 
iuxillary wheel on the tractor or a front 
tractor heel) The recording could be 
done in the manner of Stinson and Rol 
erts: DY‘ providing the reference wheel 
ind ¢ ' traction wheel wit! i numbe. 
or equally spaced electrica contacts to 
close the circuits of electromagnetically 


operated recording pens, three series of 
marks would be made on the recording 
paper corresponding to the motion of the 
three wheels. When the set up has been 
calibrated for zero slippage, this record 
gives then the distance travelled by the 
pe riphery of each of the tractor wheels 
corresponding Oo the actual distance 
travelled by the periphery of the refer 
ence wheel ( t.¢ the distance traveled by 
the tractor If /, is the distance turned 
by a traction wheel while the references 


wheel has turned a distance the per 
cent slippage would be (i. -l,) 
LOO The objection might be raised that 


these values of slippage ire not instan 
taneous; however, if these mean slippages 
ire plotted against the mean time (ob 


tained from the paper chart which could 


be driven a i constant known speed by 
i synchronous motor), the instant ineous 
slippage could be read from the slippage 
time curve. ‘To record instantaneous slip 
pages would require the simultaneous re 
cording of the speeds of the reference 
wheel and the traction wheels. This could 
perhaps be done by using electrical r.p.m 
indicators with an oscillograph arrange 
ment. Hlowever, this would seem to be 


tical because of the vibrations in 


Hnprac 
the tractor which would have to carry 


the recording apparatus 


Che rolling resistance of the tractor 1s 
ts function of only its velocity for a given 
tire and testing ground. In any case the 
rolling resistance would be small com 
pared to the draw-bar pull, ind the fol 


lowing method of measurement would be 


sultable. With zero draw-bar load the 
tractor, bring it up to its mani I pee 
na U il to | { { { ce ‘ t ) 
ind at thre me time use the ree cing 
ipparat 0 { il re ra t ead 
tance I eled eti f tine 
From the distan tirne rve 
tained Ihe lecele " I yf t ) 
co) a ar 4 Licll ited I 4 ! t { 
ti l Lhe decelet l ‘ r 
ity « ag be Computed phica if 
Tit ( ihe t { i i 1 t ( t 
time Cl ed f ‘ ‘ 
af (¢ 
time f would be 7% ind the cae 
if 
roe ot 

celerati ould be if the 
mass of the tractor wd perato V 
pounds and the decelerati feet 
( " the ror friction V 52.2 
pounds If the tractor speed ere Cal 
culated for the draw-bar and ippage 
experiment, — the corresponding rolling 
friction could be read off the” rolli 
friction vs. velocity curve obtained by the 
ibove method 

If it ere extremely important .to ob 
iin a record which would require less 
ulculation, it might be possible to de 





velop i method whereby the total torque 


applied to the tractor wheels would be 
recorded by an oscil ograph ictuated by 
piezoelectric potentials generated in i} 
juartz crystals set properly in a divides 
drive shaft. Electrical r.p.m. indicator: 
would also record on an oscillogr ph the 
simultaneous speeds of the drive wheels 
ind reference wheel to indicate Ippage 
Ilowever, thi would require extensive 
research in itself. The first method de 
scribed is simple and would undoubtedly 
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i t 
Mrs. Py -* Speaki 
rs. yrometer pea ing 
By Lois Leonarp ENGELHARD 
I’m just a gal who's heard a lot “bout instruments for vears: 
Py rometers and furnaces and valves and damper rears 
I know what galvanometers and thermocouples do, 
And portables, and optic ils, and special leadwires too. 
I've heard that vour high { Imps require the finest plat num couples, 
And two protection tubes cut down contamination troubles 
I've learned a bit of many facts on matters such as these 
-i- But what I took and really know is teaching A B C’s. 
Fundamentals of Physical Optices— So this | want to sav to il] vou instrumenting YUVS 
H When you talk about your qadqe {Ss 
You're worse gabbers than your wives 
\f Mr | 
\ \\ | I \ 
" 
| ? nt th n t 
I i 1 \ sed ind \ lef 
I | th nd of iy ! I mar 
Xx] nat 1 i es lon | tions f th 
} hiel t} nateria mav t l onshit i plac j by 
, f ssin i tement ilts Althoug! 
! the funda I t jevoted nethod used Iroughor 
7 ind t ? iif 1 I 1 il I t I rm t 
f nd t | | \ ibl t 1 wl 
| . " I i I t ncludes ! 
i t} | S mis ib et ind analyt metry I 
! t id I I I | ! ind in averat I nt bl 
htais 1 , flect | pa \ ttle nd - tl l hapt 
t t ib j I id f re i. QA , 
) t i I ade t lt t ’ 
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Enlarging The Barometer Readings 


THE MICROBAROGRAPH 








By Friez of Baltimore, one 
name identified always 
with the finest of Baro- 
graphs. 


Like Microphotograrhy, 
the Microbarograph is a 
boon to science and in- 








dustry. 


Barographs from the same 
laboratories are installed 
universally throughout 
government services. They 
are well styled: ‘The 
Bookkeepers of American 
Weather." Every altitude 
record established by 
plane or balloon was writ 
ten on upper-air Baro 
graphs of the same maker. 


Barometer readings are 
enlarged two and one 
half times, showing not 
only billows but tiny move- 
ments of atmospheric 
pressure. Consider the 
thirty inch mercury scale 
expanded to seventy five 
inches of action. 





A Jewel of an instrument, 
framed in a case of ex- 
quisite lines, finished with f 
a polish befitting the per 
manent possession of any 
laboratory or office or 


A prestige — well de 
served at the end of sixty 
years—bespeaks a tech 
nique, of which the Micro- 
barograph is the latest 


home. fruitage. 


JULIEN P. FRIEZ AND SONS, INC. 


THE MAKERS OF AMERICA'S WEATHER INSTRUMENTS 
BALTIMORE MARYLAND 
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AUTOMATIC CONTROL 





\skMny 


“If it can be measured . we can control it’’ CHICAGO 


A25in. 


The accuracy of your work is maintained by the precision of your measure- 
ments. There are no gage blocks more accurate, or easier to use, than 


JOHANSSON GAGE BLOCKS 


They may be purchased singly or in sets much depends upon precision—andJohans 
Individual blocks of B quality—accurate son Gages cost so little—it is inefficient to 
to 000008 inch—cost only $6 for 1-inch use inferior means of measurement.Further 


information, including additional 


size; $5 for .500 inch; $4.50 for .250 Pa 
inch; $3.50 for .125 inch. When so EY prices, is in Catalog No. 12. Write to 
— a 





FORD MOTOR COMPANY JOHANSSON DIVISION DEARBORN, MICHIGAN 














MODERN SCRATCH HARDNESS METHODS 
r uded from page ¢ 


the several kinds of glass. Figs. 82, 83 and 84 show the 
way in which the hardness varies as different ingredients 
ire changed in their amounts. 

Because of the accuracy of their hardness tests, thes« 
to find excellent agreement between 


ed values. Thus far, the mineral 


wrists have made the greatest use of the scratch method. 
: , 
Metallurgists have turned their attention more to the in 
ntatior thods. ‘I greater use of the latter proced 
ire is lustarted by the larger number of indentation 
. 
hardness testers in st iS com yared with scratch scier 
1 1 } ] rc ; } 
ters his may be due to lack of interes in the 
1 , ’ ; 
r by others than mineralogists 
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Fig. 82. Scratch hardness on replacing SiO2 by ZnO or BaO 
or PbO 
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Fig. 83. Scratch hardness on replacing KoO by Na2O 
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Fig. 84. Scratch hardness on replacing SiO2 by KoO or Na2O. 
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CATHODE-RAY TUBE APPLICATIONS 
concluded from page ? 
these oscillations to be studied and their causes d 
mined. The oscillograph always shows these false os 
tions since, when the carrier is unmodulated. any 
isual or unexpected ripples are immediately evident 
Fig. 9 shows two oscillograms of a buffer stag : 
transmitter that oscillated at a high audio freque ncy .) 


proximately 15,000 cycles though the applied radio 


frequency was passed with fair efheiency. The cond 





Fig. 9 


tion had existed for several vears unde tected either tro 





the instrument indications or by being picked up in 


ceivers. This false oscillation in | ig, Sb) had an a ‘ ta ae 
plitude several times that of the r-f. signal superposed é 
upon it, and was caused by false resonance circuits d 

to the isolating condensers necessary for the shunt 

plate potential \ change in the value of the cathod 

pass condenser eliminated the trouble. These osei i 
grams were taken with a linear time base set at 3 3 


ind at 8000 eveles respectively 


FREQUENCY MODULATION 


cating ee 


With some types of modulation it is possible to int 


duce frequency or phase modulation by variations in 


7 


buffer stages due to modulating the final stage. sucl 





night be due to poor regulation of the supply volta 

to the butfer tubes. Without going into details as to} “2 
sible causes and remedies, it may bye pointed out that F 
ircuit Fig. 2d provid s an excellent method of d 

mining the extent of this effect. It has been pointed 


that the radial deflection Fig. 2d’ rotates around th 


. ’ ’ , 
is the circuit is modulated. It at the same time the 

] 1] " 
ical or rotates erratically to an unus 


} 


position, some cause ot this nature is probable Che ett 


iveness of various stabilizing methods applied to 


buffer stages is re idily ipparent 
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“Required Reading” for Instrumengineers 


Fundamentals of Instrumentatio 
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Useful data on Automatic Control 
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